The diurnal water use patterns are of interest to hydraulic modellers, as these patterns are required for the design of water distribution systems. An extensive body of literature is available with regard to daily, weekly and seasonal diurnal water use patterns of typical suburban houses. However, the characteristics of South African low-cost houses, the socio-economic status of the consumers and the level of water service to such houses differs from typical western suburban houses reported on elsewhere. Notable differences include the limited access to heated water and negligible garden irrigation at the low-cost houses. Knowledge of water use in low-cost houses, which are prevalent in South Africa, is limited. To reduce this lack of knowledge, approximately 2.5 million flow records were collected over a period of 3 years from a sample of 14 low-cost houses as part of this empirical case study. Subsequently, a diurnal water use pattern was constructed for the selected low-cost houses at 15-minute and 1-hour resolution. The diurnal pattern is useful for hydraulic modellers when data that represent extended period time simulation of water networks in low-cost housing developments is required.
INTRODUCTION
Government subsidised low-cost housing developments, with access to water services, are common in developing countries as a means to address the housing needs of the poor in an effort to meet the 2015 Millennium Development Goals (United Nations ) and later the Sustainable Development Goals (United Nations Development Programme ). Designers of the related water services for new developments rely on accurate water distribution system model results, which may be negatively affected by inappropriate guidelines for estimating water use. In the case of South African low-cost houses, the published water use guidelines pre-date the specific housing type under consideration, and thus may not be applicable to this unique housing type. Diurnal water use patterns are required by hydraulic modellers to conduct extended period time simulations of water distribution systems. However, water consumption data for low-cost houses are especially hard to obtain, even more so at a resolution of an hour or less.
VARIATION IN WATER DEMAND AND RELATED DEMAND PATTERNS
The average annual daily demand (AADD) is widely used for problems relating to research and design of water services in South Africa; a comprehensive description of the AADD is provided by Strijdom et al. () 
PEAKING FACTORS
Peak flow at any hydraulic model node could be obtained by multiplying the peak factor with the long-term average flow, typically the AADD. Peak factors are useful in developing countries where data availability may limit water network modelling to steady-state analyses. In steady-state models, the hourly peak node outputs are typically used as a representation of the system peak load case (Ghorbanian et () and Tessendorff (). However, in an extended period simulation, the node outputs are modelled more accurately over a stipulated period of (say) 1 week with an array containing the hours and flow rates (node outputs) over the entire modelling period. Of course, the peak hour factor (as ratio of the daily average flow rate) would be the maximum of the 24 values in the hourly based diurnal water use pattern.
STUDY OBJECTIVE
A temporal measurement resolution of 15 minutes was required for this study to construct a diurnal pattern that would capture the peak flow rate and enable compilation of an hourly based diurnal pattern. The main objective of this study was to derive diurnal water use patterns for a sample of low-cost houses, based on measurements at a temporal resolution of 15 minutes. As part of this research, weekday and weekend diurnal water use patterns, as well as diurnal summer and winter water use patterns, were separately investigated.
LOW-COST HOUSING IN SOUTH AFRICA
A low-cost house (LCH), as it pertains to this study, needs to be placed in context. 
MOTIVATION
Various studies presenting water use patterns, conducted internationally and within South Africa, are summarised in Table 1 . None of the studies included houses that could be characterised as low-cost houses, as described in this study. Also, the South African studies are outdated and some publications even pre-date construction of the first LCH. The prevalence of low-cost houses in South Africa and commitment to a sustained construction rate of LCH developments, linked to the absence of available hydraulic Each record contained a house number, water meter number, data logger number and the measured flow rate with the corresponding time and date of each measurement. The recording period interval for this study was 15 minutes, implying that ∼2.4 million records were collected for analysis.
Data sorting and filtering
The data record for all houses included numerous zero values, reported by water meters registering no flow during a 15-minute period. Consecutive zero readings were common, as expected, and corresponded to times when no water would be used during that particular time. All days with zero readings for the whole 24-hour period were excluded from the analysis. In some cases, the system communication broke down temporarily and reported no flow rate. The data for all non-zero days were subsequently filtered to remove days with notable periods of missing data.
It was considered appropriate to remove days with periods of more than 2.5 hours of missing readings (about 10% of a day).
Houses with fewer than 250 recorded days in total were also excluded from the study because the segregation of seasonal patterns would be compromised in cases where data did not span all seasons. Consequently, six houses (H10, H11, H15, H16, H17 and H18) were excluded. The following patterns were built for the remaining 14 houses:
• the average diurnal water use pattern, calculated over all 7 days of the week;
• the average diurnal weekday and weekend water use patterns; and
• the average winter and summer water use patterns. 
DEVELOPING DIURNAL PATTERNS

Average diurnal patterns
The average diurnal water use patterns for all the analysed houses, together with the weighted average diurnal pattern, were plotted with MS Excel as presented in Figure 2 . Two distinct water use peaks were observed.
These peaks represent the typical morning and evening water use peaks, also reported for suburban houses in developed countries. The highest morning peaks for single, individual houses were about twice as high as the averaged value for all 14 houses combined.
Analysis of the weekdays versus weekend days showed that weekday and weekend-day diurnal patterns were dissimilar. The weekday morning peak was lower than the weekend morning peak, whereas the weekday evening peak was higher than the weekend evening peak.
Furthermore, the duration of the weekday morning peak was shorter than the weekend morning peak, as could be expected.
Average summer and winter diurnal patterns
The summer and winter average diurnal water use patterns were similar, as can be seen in Figure 3 , suggesting no outdoor water use and insignificant influx of summer holiday visitors.
Since LCH property sizes are relatively small, houses cover the largest part of the property, leaving limited space for gardening -also, privileges such as swimming pools and 
Discussion -diurnal pattern
The newly developed pattern appears to be very similar in shape to residential diurnal patterns reported elsewhere (Table 1) for typical suburban houses in developed urban areas, despite notable differences in the characteristics of the houses and in the socio-economic status of the consumers. The pattern derived during this research study shows a distinct peak occurring in both the morning and evening.
The morning and evening peaks of the derived pattern have hourly peak factors of 2.197 and 1.663, respectively, meaning that water use during the peak hour is about double the daily average.
A follow-up survey confirmed that most of the consumers in the study area were employed and had children who attended formal schools, thus explaining the typical morning peak. At the time of the study, three of the houses had electrical water heating systems installed in addition to solar systems, whereas the others used the solar heaters (water was reportedly lukewarm or even cold on some mornings and on rainy days). Despite the limited access to hot water and other differences noted above, the diurnal pattern displays a clear and notable morning peak and evening peak. 
